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Abstract - Immersive fulldome projection is a medium that has been growing over the past 
few decades. Despite its widespread popularity as a form of passive, educational 
entertainment, the possibilities of creating a more user engaged experience within a 
fulldome is something that hasn’t been widely explored. This study will lay out the tools 
and framework, based on past methods and consumer technology, to aid in the 
development of interactive fulldome projects. By bringing game design concepts into 
fulldome projection, it could open up a unique medium with new immersive qualities to 
independent game developers. 
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Introduction 
 Over the past few decades, the concept of a digital projection of an image onto a 
spherical area to create the illusion of 360° immersion has become more prevalent. These dome 
projection environments range from small, single projector “fulldome” for small group 
experiences, to giant IMAX theaters using slanted domes to project to thousands, to a myriad of 
subsets in between, and their numbers have been growing fast [10]. Throughout all these 
systems, a commonality is their use as a medium for passive group visualization, often for the 
purposes of scientific education, as the dome plays a documentary or shows images as a cinema 
would. The potential for interactive experiences, however, has taken a very specific route. 
Through controlled switching between projected videos, a very simple kind of interaction has 
become the norm with astronomy projections. Despite the advances in technology, this basic 
interaction hasn’t expanded much to allow for more direct audience agency and control, allowing 
the audience to openly explore under their own, direct control. This issue is surprising 
considering the immersive and explorative qualities of the medium, which could open up new 
and exciting avenues for potential game/interactive experience development, especially on the 
smaller fulldome systems. 
 Evolving mostly from the classical planetarium exhibits of the past, interactive dome 
environments (IDE) have come to use various digital media to create a sense of spatial 
exploration through cinematic design [5]. These sentiments of grasping the concept of space 
exploration and stargazing have come to incorporate many film concepts in giving the viewer a 
uniquely immersive experience. The immersive experience of an IDE, however, often has a 
dissonance between the 360° explorative options and the more focused and guided view of film 
[4]. The potential of exploration within an IDE could instead be played with in greater detail 
through user interactivity, as game experiences. With game design, players can be encouraged to 
explore the full environment surrounding them rather than keeping their focus forward. 
Capitalizing on the 360° property of fulldome would create new options for game developers as 
well, allowing both media to expand in new ways through remediation. By bringing game 
concepts from past games into the dome, new avenues of game development and mechanics 
could be discovered. Likewise, such developments could reveal new or advanced potential uses 
for domes that games have been found to aid in such as training simulations or hands-on 
educational experiences. 
The new options with interactivity in dome projection would also help in the most 
common use for domes. Many educational fulldome experiences used by schools work through 
group discourse within the IDE [12]. Led by a teacher, students are brought into the IDE and 
shown visual representations on topics while being lectured. This is similar to the past uses of 
domes as they expanded from planetariums. This kind of experience can fit perfectly into 
something like Aroutis Foster’s PCaRD (Play, Curricular activity, Reflection and Discussion) 
framework for educational experiences with games [6]. The set-up already promotes the 
reflection and discussion aspects within the IDE, and the curricular activity meant to reinforce 
play concepts can be achieved within the same environment with the teacher. All that’s missing 
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really is the play portion, which is meant to engage students in a topic while helping to introduce 
educational concepts through immersion and flow. Due to this potential for the explorative 
immersion of IDE to be optimized, it is important to lay frameworks for developing interactive 
experiences with fulldome projection. 
From its potential as an entertainment to its avenues for education, interactive fulldome 
experiences are an important, but underdeveloped medium. While there has been some progress 
made in creating more interactive IDE [2] [11], the projects are very underutilized and 
expensive. In this project, my goal is to lay the groundwork for future independent and student 
developers to be able to explore the potential for games with fulldome projections. Using readily 
available independent developing technologies like Unity, developers will be able to use the 
tools made in this project to aid in creating games capable of dome projection and utilizing 
iterative testing on such projects without the need for constant dome access. With all these tools 
and processes together, developing interactive, immersive dome experiences will become a more 
accessible option for developers and encourage further developmental exploration. 
Research Question 
How can dome projection be used with modern game design tools to create immersive, 
interactive experiences? 
Hypothesis 
By utilizing modern plugins for capturing dome master renders and a simulated fulldome 
environment for iterative development as needed, interactive dome projects should become more 
approachable for independent developers. 
Subsidiary Questions 
How can iterative game development be achieved with a projection dome? 
What challenges are there in game control schemes working in interactive dome projection? 
Definition of Terms 
Dome Projection - Using one or many projectors projecting onto a dome surface. The tools and 
framework for this study will be using a single projector with a fisheye lens and the Digitalis 
portable fulldome for development. 
Modern Game Design Tools - Tools and frameworks for creating immersive interactive 
experiences. For this project, the free, independent-developer friendly, game development tool 
Unity 5 and the concept of iterative development will be heavily utilized. 
Modern Plugins – Code pieces used in conjuncture with existing programs to add new 
functionality. For this project, the Omnity plugin from Elumanati for Unity is used as a pre-
existing solution to dome master rendering. 
Iterative Development - Focusing on rapid development in iterative steps. Each iteration of the 
project builds upon the last to refine the experience. 
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Review of Relevant Literature and Theory 
Dome Use 
 Digital domes have come far from the initial planetarium exhibits that they began as. Ed 
Lantz gives a very thorough history of domes in his article “Planetarium of the Future” [10]. 
Starting with just projections of white dots as stars onto a planetarium ceiling, dome projection 
began to evolve with digital media as planetariums were now capable of displaying not just stars, 
but whole galaxies and planets. The media of dome projection further developed with advances 
in rendering technologies. Something important of note with dome projection Lantz brings up is 
the standards in the medium, or rather the lack thereof. IDE come in a wide variety of sizes and 
use a variety of technology. While some use a single projector streaming through a special 
fisheye lens to cover a wide area, others use complex, unique software that takes in the dome 
renders, cuts them in specific ways, and passes them to multiple projectors. The one thing that is 
mostly standard is the way these are rendered. Renders for dome projection come as polar-
spherically distorted images made by using cameras, both optical and/or virtual/rendered to 
either capture or generate 360° views of the area and then warp and stitch them together. These 
renders are called dome masters. Creating the dome master is a key part in making fulldome 
projection. In the past, they were created using multiple images that were distorted and blended 
together to make the image. The more common method that has been developed is using accurate 
fisheye lens shaders to make the entire image from one camera. 
 New 3D technology allowed both artists and scientists to work together in creating 
immersive experiences by rendering dome masters as 3D animation. Buczek explains in one 
article how concepts from film/animation design started to be incorporated, creating scientific 
documentaries that enthralled viewers through immersion [4]. These concepts allowed them to 
create very unique experiences within the IDE, but there were some issues with developing an 
explorative environment with these principles. Rather than try and focus the viewer’s attention 
constantly, they wanted to give the viewer time to take the images in from all angles, requiring 
more thought on the entire setting as the cinematic settings could now present a much wider, 
enveloping field of view. Even outside the simulation, getting the viewers to look around more 
actively has been a problem for dome experiences. These problems are actually shared with 
game design. Game developers often have to consider the entirety of the environment as the 
player could potentially explore every part of it. The player is also usually encouraged to look 
around, actively controlling in the exploration. 
 While there is a lot of research on the uses of IDE, there hasn’t been very much research 
into the potential of interactivity. One study proved the concept of real time dome rendering and 
projection was possible even with live, real world images [9]. This research looked into creating 
a whole system of capturing, transferring, and processing for dome projection at once. Doing it 
in a digital environment is also possible. In Lantz’s overview of the history of digital domes, he 
speculated on the future of dome technology including the concept of exploring 3D datasets in 
real time [10]. This concept has since been approached with the Allosphere [2]. The Allosphere 
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is a large, multi-media installation that includes the allowance for users to explore to explore 3D 
representations of data using a specialized motion controller. The installation is currently 
proprietary, however, so it isn’t open to outside development. Beyond the efforts of the 
Allosphere, little exploration of the potential for creating an interactive experience, wherein the 
audience members control the agencies of exploration and interaction with the exhibited content, 
has been done. 
Using Game Engines in Domes 
While exploring real time dome projection options that had been attempted within Unity, 
two pre-existing solutions came up. Paul Bourke is one of the few developers that has formally 
tackled creating interactive dome experiences with his iDome system [3]. The iDome uses 4 
cameras to capture a 180° field of view. These cameras pass their renders to 4 warped planes 
(right, left, top and bottom) that fit together to form a spherical image. These planes are then 
taken in by another camera and passed into another warped 3D object to create the projection for 
his system. The main issue with the iDome is that it was designed specifically for one dome set-
up. iDome creates a special dome master that is projected down into a mirror that then reflects it 
through a mirror onto a vertical hemisphere that the player situates themselves partly inside. It 
helps to create peripheral vision, but it is not the same as a common fulldome. Even if one 
wished to develop for the iDome like this, the assets themselves are currently outdated as they 
don’t work in updated versions of Unity. 
The second option is a plugin made by the company Elumanati called Omnity [11]. 
Currently in its 2.0 version, Omnity is a very refined tool that needs only be dragged into the 
scene to automatically generate a camera set-up and dome master render for the scene. It also 
allows for different types of renders, such as panoramic displays, and gives a lot of intricate 
options in optimizing the dome master. While it appears to be a very thorough plugin, 
information on the plugin’s use history is very thin. Omnity has only one review on the asset 
store, though it is a positive review. There were also issues in finding any past projects that have 
used Omnity. In a personal meeting with Garland Stern of Spitz, Inc., Stern described some 
experimental work they were doing with Omnity. He vouched for the plugin, stating that while 
its documentation is lacking, the code does what is claims to do in creating a convincing, real-
time dome master render. While this project’s dome master plans won’t be requiring the more 
extensive options of the plugin for the time being, it will be using the commercially available 
plugin to create the dome master renders. This thesis will also include evaluation of the plugin 
and notes on its use. 
At a later meeting with Stern, he demonstrated and explained the system they had begun 
working with using Omnity. Called the “SciDome” the system uses a unique controller 
developed by Spitz called “Touch”. The SciDome system works with the Touch controller using 
a specific camera within the dome that captures a specific frequency of infrared light. The Touch 
controller emits this light onto the surface of the dome while active and is thus captured by the 
camera. The system then uses code developed by Spitz to translate the position data of the Touch 
controller and where it hit the dome to control the 3D space of the dome within the interactive 
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scene. This technology is currently only used by Spitz for their SciDome system and is used to 
control various programs they are developing for the system. 
The lack of game development attempts for IDE is disappointing with how much 
potential it could have in both entertainment and education. As stated in the introduction, the 
current concepts of fulldome use in education could very easily fall in line perfectly with the 
PCaRD model of integrating games into classes. The benefit of using games in education is 
something that has been explored thoroughly with many studies. One such study draws very 
clear parallels to the way domes are used for teaching currently and the possibilities of the future 
with interactivity. In the study [1], students were split and taught with two methods. One group 
listened to a lecture from a professor with visuals as a review of their subject. The other group 
played a Jeopardy style game as teams. Not only were the students more satisfied with the 
gameshow class, but they outperformed the lecture class in both post-test scores and retention 
test scores weeks later. The common method for teaching with an IDE is similar, having a 
teacher lecture while using preset images and videos within the dome [12]. As such, if the 
potential for more interactive dome experiences was made more accessible, it is possible that 
experimentation with this potential could be used to find better ways to engage students and help 
with learning. 
Interactive Design 
 This study aims to look at and evaluate the potential for games developed in immersive 
dome environments from a broad perspective. To accommodate this, two specific digital media 
concepts will be referenced: the Mechanics, Dynamics and Aesthetic (MDA) framework and 
Henry Jenkins concept of spatial narrative. 
 The MDA framework [7] is a method of looking at game design from a general 
perspective that is split into three parts: Mechanics, Dynamics and Aesthetics. Mechanics are the 
basic rules and functions of the game, the things that can be done within the game made by the 
game developers. Dynamics refer to the game’s function itself, how the player’s inputs affect the 
mechanics and how that in turn affects the player’s experience. Aesthetics is the “fun” of the 
game, or rather what the game causes the player to feel as a result of the dynamics. These parts 
are important as they each inform each other in a line going one way (MDA) for game 
developers and the other way (ADM) for players. The developer creates the mechanics that then 
form the game when the audience plays, which in turn causes the audience to feel some form of 
aesthetic. Going the other way, the audience’s desired aesthetics going into a game can inform 
their input and shape how they interact and what they expect from the dynamics of the game, 
which in turn require the game mechanics to be adjusted. The framework helps to combine game 
development, design and research into a single framework using three broad terms. Using this 
framework, we can examine both how the development process for larger IDE systems could 
work in general. The reverse of the framework can also be used with player feedback to not only 
improve upon the game presented in this study, but also to speculate on future games that could 
be developed for dome projection. 
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 The concept of spatial narrative, as described by Henry Jenkins [8], is another rather 
broad term that examines how movement through a space or environments can inform and create 
a narrative experience. The term is used so widely as to include even simpler games that don’t 
have a direct narrative: the point is that the space, and changes within it, can create a sense of 
understanding in games. Jenkins compared side-scrolling games where the player works through 
a level to that of adapting scenes from a movie. Dome projections should be able to utilize the 
same principle in their design, possibly to even greater effect. Immersive dome environments are 
designed to create a strong sense of space and tone, so shifting between or modifying virtual 
environments within the dome should help to create an indirect narrative and guide players 
through an interactive experience. This was taken into account when developing the proof-of-
concept game later in this study. 
Methodology 
Solution Development 
 For this project, tools, documentation and a proof-of-concept project were created to aid 
in the development of interactive dome projection. Based on the initial research, three major 
technical hurdles were present in developing interactive experiences on the fulldome: 
1. Creating a real time dome master render within Unity and examining how said renders 
can be used to create interactive experiences within the fulldome environment. 
2. Developing a method of rapid iterative testing of games designed for dome projection 
virtually without requiring constant dome access, thus allowing personal at home 
development and testing prior to dome tests. 
3. Examining possible ways to allow audience members within the dome interact with these 
experiences while keeping player agency, both in single player control of the dome and 
multiplayer experience. 
Each of these hurdles was examined and solutions were explored to allow the development 
process to be accessible to future developers for fulldome games. From these consideration, 
some game development tools and concepts were developed or modified to provide a better 
groundwork for new, independent IDEs. As a test of these solutions, their ability to aid in game 
production, and refine issues with their use, a small proof-of-concept game was developed with 
the groundwork from this thesis. The proof-of-concept game was put through playtesting 
sessions and received feedback from a variety of players to aid in the evaluation of the effective 
agency, design and future viability of such interactive dome experiences. 
 When looking into the issue of making a dome master render within Unity, the idea of 
using a ray-trace fisheye lens as one would in 3D software, was explored and found to present 
many issues. The main problem is that Unity has difficulties handling an accurate ray-trace 
render in real time without performance issues or diminished visual acuities. A more object-
based solution was then explored following the example of Bourke’s iDome system [3]. In his 
set-up, 4 planes are warped to form a specific dome master for his mirrored dome projection. In 
turn, a 5 plane hemicube setup (right, left, front, back and top) was attempted and abutted 
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together to form a standard 360° dome master. The planes would then be given render textures 
attached to a hemicube camera set-up within the scene that acted as the player control. This 
method created new problems with creating a convincing dome master render. First, blending the 
seams of the planes was a problematic task within Unity as a real time process. Any sufficient 
form of blending to hide the seams would have required an advanced shader network to properly 
blend the images along the edges. The second issue was much more detrimental: 2D sprites, like 
those used in atmospheric or detailed particle effects, simply didn’t work with this set-up. Sprites 
are designed to always face the camera rendering them as they are flat images. This means that 
when a sprite would be along a seam and be visible to two cameras, the sprite would be turned 
completely different in one camera than it would another. Due to these problems and the 
encouragement from Garland Stern, this method of dome master creation was dropped in favor 
of using the Omnity plugin. The plugin sufficed for creating a consistently functional and 
projectable, real time, dome master simulation within Unity. It also works by creating the dome 
master specifically around a single camera, making capturing the render with yet another camera 
unneeded. The system used in this study works with any single projector fulldome, but domes 
using multiple projectors require further processing to cut the image prior and project it. The 
configuration for cutting a dome master for projection differs from dome to dome, thus any more 
advanced dome projection would need its own tweaks to function correctly. Omnity does allow 
for such advanced optimization, as the output can be given specific configurations for managing 
different camera setups, so this option should allow for expansion in the future if developers 
require it. 
 Problem 2 involved the major hindrance on the idea of iterative game development on a 
dome, the requirement to run the dome to test the game. Testing dome footage is a common 
problem, especially when direct access to a qualified projection system is unavailable. 
Independent and student developers will likely want to develop interactive dome experiences 
with their own computer hardware or at home. While doing so, game development often requires 
rapid iterative testing to see not only if the image renders correctly, but if the interaction is 
functioning as it should and if any problems are present with the enjoyment/efficiency of the 
interaction. The need for such constant testing makes it inefficient to wait until an opening is 
available to use the dome or the area the dome is housed in, assuming said area has multiple 
uses. Additionally, while those who have prior experience with projection dome development 
can often see such issues on the dome masters themselves, making this hurdle less important, 
students and independent developers who are new to dome development can have trouble 
understanding the mapping process from dome master to fulldome projection.  
The solution to the problems in both understanding and testing dome masters was quite 
simple. With a camera already in place rendering the real time dome master, a new object could 
be brought into the scene to use that camera’s data and simulate how it would appear in the dome 
environment. This process was done with a prefab that I call the “Pseudome” which consists of a 
sphere, a ground plane to cut off the 3D dome, special lighting attributes, and, if needed a camera 
with basic looking controls (moving the mouse allows the player to turn the camera and see the 
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full dome environment). The main object here is the dome, which has specific UVs to fit and 
warp the dome master render in an approximate simulation. While not 100% accurate, the effect 
is close enough to ensure your current iteration is absent of any glaring issues with the dome 
master, such as UI scaling problems, and to get basic information on how the interactions work 
in a dome environment through digital tests, like looking at how the experience is working from 
a first person view in variable dome sizes. The lighting attributes revolve around the issues of 
how light bounces within a dome and how projection quality can affect screen details, especially 
with smaller domes that use a single projector. With the light bouncing off the surface, colors can 
become washed out in ways you wouldn’t notice until testing them within a dome. Additionally, 
as is brought up in the results of this study, dome projection quality can affect the contrast and 
brightness of the simulated environment. Due to these lighting issues, it is important to adjust 
and utilize the Pseudome’s properties to get an accurate, easily accessible approximation of the 
project. 
 The final issue was the most difficult to actually solve. The means for control in the dome 
can come from a variety of options, but certain control schema were looked at and deemed unfit 
for dome application. Firstly, the simplest control solution for computer games, using a computer 
mouse and keyboard, is not conducive to the fulldome experience. Due to being distracted by the 
screen around them and unable to clearly read the keyboard in the darkness of a dome, it can be 
difficult for players to get a solid grasp on the keyboard controls. Another control scheme that 
could have issues is motion control. While the Allosphere was able to create a specific motion 
control device for their system [2], and Spitz developed their own Touch controller, these are 
proprietary tools that were designed for singular systems. Commercial motion controls, such as 
the Wii or Xbox Kinect, in a smaller dome environment would have two major issues. Firstly, 
there’s often not much room to move in the smaller fulldome models. With some of them, like 
the one used in this project, you can’t even stand up without covering large portions of the 
projection. The second issue is in the placement and orientation of the motion controller. Most 
motion control platforms work by placing a camera or receiver at the location of the screen, then 
translating motion data from an IR device or visual contrast within a picture. Figuring out a 
proper place to set the receiver considering the entire space is the screen, and being able to use 
the collection systems within the unique lighting attributes of the dome would be difficult with 
the IR receiver, and impossible with the camera based receiver without drastically changing the 
physical dome environment.  
There are two control schemes that were found to potentially work well within an IDE: 
mobile applications and handheld controllers. Mobile applications present a wide variety of 
potential solutions. While they have their own screen that can detract from the dome experience, 
they provide a lit control screen that is easily readable in the dark and other applications like 
touch and gyro control. A mobile dome application, however, would require networking to 
function with even one app, let alone a group. For this project’s proof-of-concept, handheld 
controllers, specifically Microsoft’s Xbox360 and Xbox One controllers, were used. These 
controllers are more ergonomically designed to be readable and recognizable just from touch. 
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Unlike a keyboard, handheld controllers have a constant grip and non-uniform button placement, 
making it possible to easily hold a resting position and recognize buttons without looking at the 
controller. Once familiarized with the controls, players don’t require constant visual monitoring 
to be able to use such controllers, allowing them to keep their eyes on the main screen as they do 
with console or computer games. They can also be directly linked to the computer system 
running the dome master simulation, allowing you to program even multiple controllers into the 
system with relative ease. 
Proof-of-Concept 
 For this project, a proof-of-concept game was developed to act as the means of testing 
these solutions. Developing the game and testing it allowed for refinement of the dome master 
system and Pseudome. This development process was compiled into the Game Design Document 
(GDD) that can be found at the end of this document (See Appendix A). This development 
process is being considered as a part of the study itself as it is meant to look into the 
development side of the MDA framework, giving insight into a general development cycle with 
the dome. While the development of this proof-of-concept game is only the account of one 
project, it is being monitored and recorded as a demonstration and examination of developing an 
IDE using the groundwork developed in this thesis. In the results section, major hurdles or 
limitations with the development process from the GDD are referenced and expanded upon. 
 The proof-of-concept game was developed with both single player and multiplayer 
experiences in mind. This was decided upon as another aspect to explore when developing the 
proof-of-concept and examining past group experience studies [1] [12]. This minor exploration 
into the possibility of a multiplayer experience in an IDE was just to show if there was potential 
and how achievable multiplayer IDE would be for future studies or experiences to develop 
further. Due to the nature of the final game (see Results), the multiplayer experience was 
developed with asynchronous gameplay as a modification of the single player experience with 
changes made throughout the game. 
The game was then put through playtesting on Drexel University’s campus using the 
Digital Media program’s Digitalis Inflatable Dome to look into player feedback on how the 
control schemes felt as an interactive experience. This playtesting was made to give more 
feedback on the “Aesthetic to Mechanics” chain in the MDA framework, as players were given a 
form after playing requesting feedback on their aesthetic experience with the game and how the 
game dynamics felt. Players were also prompted to give feedback on each of these aspects and to 
weigh in on how they feel the mechanics should be affected in order to create a stronger aesthetic 
experience. 
The playtesting was conducted in two, separate sessions, with a two week period between 
for updating the game based on the first session feedback. The first session took place in the 
green screen room of Drexel’s URBN center. The session was advertised through the Digital 
Media program’s mailing list and signs placed around the building. More players were gathered 
by directly asking students that were in the building when the prior methods only drew in 4 
players. For the second playtesting session, more effort was put into advertising to avoid the 
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same low turnout. It took place in the URBN center’s main lobby and was advertised through the 
Antoinette Westphal College of Digital Media’s social media accounts. All willing players were 
accepted in both playtesting sessions as long as they did not have a history of seizures or a 
history of motion sickness for safety reasons.  
Both sessions had players playing through the proof-of-concept game either to 
completion, or to a point where they chose to end the session due to failure to progress or time 
constraints. Players were allowed to play the game in single player mode by themselves, or in 
groups of two going through the multiplayer mode. Upon finishing their playing session, players 
were given a questionnaire to fill out. The questionnaire consisted of  17 questions: eight simple 
single line answer or multiple choice answers asking for player name (in case the observational 
section of this study would require names for clarity and participants were willing to give 
something to be addressed by), age, role in the game (single player or multiplayer), and scores; 
six questions asking players to rank different aspects of the experience on a scale of 1 to 10 and 
provide notes on those aspects if they had any, including two questions based on which role the 
player took in the single or multiplayer versions; and three general writing prompts asking for 
feedback on the experience in general, the multiplayer experience if they played the game with a 
partner, and future applications of dome projection games they’d wish to see. This playtesting 
questionnaire can be found in full at the end of this study (See Appendix B). In the first session, 
players were not able to attempt the multiplayer experience, due to an issue that arose with the 
multiplayer settings, and were not able to answer the questions regarding their age, due to an 
issue with the questionnaire. The results of the first session’s questionnaire prompted changes to 
the game that are outlined in the Results section of this thesis. 
The playtesting sessions were monitored and notes on player behavior and questions were 
taken. Both generally repeated behaviors among players, and specific player observations were 
gathered as observational data that could be explored in future IDE studies and projects. These 
observations, along with the written responses and numerical data from the playtesting sessions 
are looked at in the results and discussion sections of this study to evaluate the abilities and 
shortcomings of this proof-of-concept and expand upon future uses for interactive dome 
experiences. The developmental notes and playtesting data from this proof-of-concept game 
were examined together with considerations of the MDA framework to evaluate the solutions 
presented in this study and act as an example for future development with this technology. 
Potential future uses of this interactivity within the dome were also speculated based on feedback 
from players. 
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Results 
Early Development Process 
The initial design for the proof-of-concept fell back on the relatable history of dome use: 
a space simulation. This was done both for the familiarity of the concept for players to 
understand and how the tools and built-in physics in Unity allowed for efficient development of 
such a scene. Players were placed in the cockpit of a spaceship able to move through a simulated 
space environment, with randomized planets and objects spread over an area thousands of units 
larger than the player’s body (the area the dome took up within the scene), via a handheld 
controller. The first player had control of the ship and had to move to avoid obstacles while 
heading towards a goal indicated on the dome. The multiplayer aspect of the game consisted of 
having another player within the dome able to use their controller to move and aim a targeting 
reticule on the dome to fire at objects in the scene that would possibly harm the ship. Objects 
destroyed would continue to float through space and possibly require further destruction. 
This iteration of the game was scrapped fairly early into the development process. It 
became very clear that this version was lacking in player agency for both the single and 
multiplayer experience. The largest hurdle in this design was the sheer freedom of motion, as 
players could effectively move around any major obstacle presented. This made designing the 
game mechanics and narrative space a huge challenge as the players had too much freedom to 
move outside the constraints of the game. Another big problem with the design from a 
production standpoint was developing an environment rich enough for the player’s motions and 
actions to have impact. Movement in the wide open area of space was hard to read from the 
perspective of the dome without many objects within the simulated space surrounding and 
moving around the player to give a sense of parallax motion. Large planets and wide distances 
made the sense of depth and motion skewed. With a lack of general motion, the ability to change 
the games narrative through shifting the environment as initially desired was also hindered. 
With these development issues in mind, the open space exploration was replaced with a 
constrained, linear level. The linear path was made fairly large and the player still controlled a 
spaceship as it moved through the game, but now the inspiration came more from the idea of 
escaping a large space structure like the Death Star from the Star Wars series. With this more 
linear level design, the mechanics were able to be refined to that of a more conventional game: 
with the player having to move from Point A to Point B while facing a variety of obstacles. The 
game would record and display both the amount of time players had taken to complete the game 
and the amount of damage they had gained through things like bumping the ship into walls or 
being hit by obstacles. These numbers were meant purely as scores that players would aim to get 
as low as possible and did not affect the game itself in any way. As the player progressed in the 
level, the environment could also shift, changing aspects like the lighting and what kind of 
objects were around to give the player a sense of progress and a more dynamic spatial narrative. 
This shifted the games dynamics and aesthetic from those of pure exploration and discovery to 
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that of progression and object interactions. Further notes on the level design and final form of the 
project can be found in the GDD (See Appendix A). 
Omnity 
During the development process, working with the Omnity plugin showed both its 
strengths and weaknesses. One key benefit of the plugin was that it was as simple as it claimed to 
be: requiring only the main Omnity script placed on a camera to turn the game into a dome 
master for projection. Upon pressing the play button, the Omnity script creates children within 
the camera in relation to its settings for the given display and a final pass camera to grab the final 
render. The script has many aspects that can be edited within Unity’s development window, but 
Omnity also has an in-game menu of the same settings that can be accessed in play mode. This 
menu persists into built versions of the game and all the settings can be adjusted and even saved 
to the plugin’s own configuration file so it is available upon repeat uses of the program. There 
are many options for working with the plugin that can be explored, but the most important ones 
used in this project were the camera configuration saving/load function and the camera tilt 
option. The plugin comes with two premade camera configuration files: 
DefaultEvolverFulldome-1920x1200x2.xml and DefaultEvolverFulldome-Default.xml. These 
are fulldome camera configurations, with the default one being just the dome master and the 
other being a split screen effect where one screen is the normal camera view and the other is the 
dome master. The split view is useful for figuring out certain perspective issues, but the default 
configuration file was what was used the most during this project’s development. The tilting 
option is a very basic option that allows the developer to tilt the dome’s perspective, having the 
field of view cover more of the front or back. This was very useful for this project as the ship’s 
forward direction was confusing without a 30° tilt in the dome master capture. The forward 
direction was tied to the ship object’s z-axis, meaning that it was right along the edge of the 
dome’s projection and it was hard to see where exactly the ship was flying towards. By tilting the 
dome master, the forward field of view was increased and players could better understand what 
they were flying into. The 30° tilt was decided as the best point where the player could have 
enough room in the front of the ship to see where they were going, while obstructing the least 
amount of the ship’s rear direction. This did mean that the rear view was somewhat obstructed, 
with greater amount of obstruction as you looked from the sides of the ship towards the very 
back. The solution to this issue that was used for this project was to place a “back panel” to the 
ship in the rear center section, effectively discouraging the view of that side of the dome. This 
solution was unfortunately reductive for the fulldome design, but players did not note any issue 
with it during either playtesting session. Player horizontal motion along with dome tilt options is 
a notable problem that needs to be addressed in future IDE with less obstructive solutions. 
The configuration file made by Omnity was able to be copied and pasted into different 
builds of the game, carrying over changes like the adjusted tilt. The camera setup configuration 
files also show that the system can be applied to other types of domes with the proper 
configuration work and then transferred easily within the game itself, which is a great feature for 
any developer looking to make their IDE for multiple dome configurations. For example, the 
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plugin can output its dome master in a hemisphere configuration more fitting for a system like 
Bourke’s iDome, or output multiple camera intakes as separate renders for multi-projector 
displays. It takes some initial setup, but the Omnity system itself is very simple and effective to 
use. 
There were some noticeable flaws with the plugin as well. One that took quite a while to 
realize was how its own extra plugins work. The Omnity script is all you need to put into your 
scene, but there are other plugins that automatically link into the Omnity script when set on in its 
options. One important plugin that was not able to get functioning for this project was the edge 
blender plugin. When the ship was in motion, the edges of the cameras would become visible as 
black lines running through the scene and remain there until the ship stopped moving. 
Presumably, the edge blender plugin is designed to fix this. When this plugin was finally found 
in the options and turned on, however, a message came up saying that there was a separate 
license code for using the edge blender needed. This code didn’t seem to be anywhere in the 
basic Omnity files, and would clearly be something that would have to be transferred as an 
additional configuration file or else the pop-up would persist in other builds. Turning it off was 
also confusing as Omnity forces you to go back into the options and manually remove the plugin 
rather than just hitting any cancel or close button on the pop-up. 
Beyond the line issue, a major problem that was found while working with the plugin was 
something likely more related to Unity than the plugin itself. Lighting glitches within Unity 
became far more noticeable on the dome master as Omnity stitched the different cameras 
together. The first major issue came from the current version of Unity used with this project 
(version 5.3.5) having issues with using directional lights where some objects would become 
strangely shaded. The shading bounced around the object, showing some parts as pure black. The 
angle of the camera changed this glitch drastically, so with 4 cameras all looking at the object 
from different angles, the strobing effect was unbearable. This was remedied by simply not using 
any directional lights; every light in the current game is a point or spot light. These lights are 
highly inefficient, however, and caused more processing power to be used for the game. 
Another light issue came up in a similar fashion with the use of colored lights. Some 
lights in the scene were made red to reflect a change in atmosphere and convey danger to the 
players, following Jenkins’ concepts of spatial narrative. A glitch occurred when viewing some 
colored lights from specific angles where the color being emitted was stronger or weaker. Once 
again, with the given camera setup, this bug became far more apparent if the player moved to 
those specific angles and saw one side of the scene less red than the other, with the seam of the 
projection becoming highly visible. This is likely something that even the edge blender wouldn’t 
be able to remedy fully with how the light of a whole camera can pop between strong and weak 
coloration. A solution to this bug was not found during development, though fewer strong 
colored lights were used in the scene to lessen the effect. 
One final issue with the Omnity plugin and Unity came from a combination of factors 
making the game lag noticeably at times. The lag issue could have come from any combination 
of the lighting issues, Omnity’s multi-camera rendering, and other issues with the Unity build. 
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This problem was mostly present when the build was played on the ASUS Q550LF Notebook 
PC the game was being tested on, rather than on the various desktop computers that were used 
for developing the game. It is important to note that the IDEs being developed with Omnity 
require proper testing and efficient rendering design (light maps, limited geometry, etc.) to 
ensure they run smoothly on the available hardware. 
Pseudome 
 The Pseudome prefab proved fairly useful and effective in the development process. It 
functioned with the Omnity plugin simply enough. An extra step was required, however, as 
Omnity’s final render camera, which is what captures the dome master the Pseudome needs to 
simulate, is an object created by the Omnity plugin at play rather than something constantly 
present in the scene. The final render camera within the Omnity camera has to have its render 
path set to the Pseudome’s “domemaster” render material. To ease this extra step, this setting 
could be done programmatically on scene start due to Omnity always naming the final render 
camera as “Final Pass Camera” which is easily searchable within the scene via code. 
 With the development process, the Pseudome helped to illustrate some major problems 
when testing the game even without the dome. The dome tilting issue mentioned above was 
easily discernable from the Pseudome’s simulation as the front of the ship was clearly cut off by 
the edge of the dome. The Pseudome, in turn, helped find a proper tilt to the Omnity camera 
setup so there was a reasonable amount of space to work with without tilting the system too far. 
 A major flaw with the Pseudome that was observed was in the lighting setup. As 
mentioned in the methodology section, the way the light interacts with the dome is very 
complex, and getting a proper simulation of it with the Pseudome was difficult. Working with 
the “domemaster” material in various will be required in future uses to make sure the contrast 
and brightness are made to match whatever dome projection you are working with. Making sure 
these settings are right is crucial in avoiding problems like this project encountered, wherein the 
simulated projection and even Omnity’s final dome master render were misleading. The dome 
master was far brighter and higher contrast than the final dome projection was, which led to the 
tutorial area of the game, which was designed to be dimly lit, being almost indiscernible due to 
the darkness. 
Playtesting Session 1  
The first playtesting session had several issues in its implementation. The initial draft of 
the playtesting questionnaire was missing the space for filling in player age to get a better idea of 
demographic views. The build of the game also had an issue with the multiplayer controls 
wherein P2 could only control the ship’s targeting object but not fire the ship’s weapon. Due to a 
messed up variable right before the build was made, firing the laser had been mapped to P1’s Y 
button instead of P2’s A button. The most glaring issue with the first playtesting session was the 
lack of participants. The session lasted for 4 hours, and in that time only 7 participants were 
gathered to playtest the project. Four of the players were gathered from the advertising efforts 
and seeing the dome while they walked by. The remaining three participants were acquired by 
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going to the different labs in the building and asking for students that had time to spare for the 
playtesting. Despite the issues with the first playtesting session, some key omissions and 
problems with the build were highlighted through both observations of the players and responses 
in the questionnaire.  
The most glaring problem with that iteration was the lack of a tutorial and guides for the 
players to follow. All players initially were interested more in the experience itself than the 
game, remarking on how unique it was to be inside the dome for playtesting a game. Once the 
session began, every player had to ask several questions to be able to understand what they were 
doing within the game, regarding both the controls and the goal of the game. After a brief 
explanation of the controls, each players began to make progress through the game’s level. The 
initial level design had the player facing a blocked doorway, to prompt them to look around and 
turn the ship the proper direction. Three of the seven players followed this logic. The rest were 
confused by it and spent time trying to get through the door. While starting to move through the 
hallways, which were angled to force the players to turn and move right, then down, and down 
again (effectively turning them upside down), every player was noted bumping into the walls as 
they got used to the size and speed of the ship in the simulated space. 
Even after the players started moving in the right direction, all seven players experienced 
issues with the first main obstacle. The room had spinning, concentric rings with a sphere in the 
middle that had to be navigated past. Everything in the room would damage the players and send 
them spinning. This room was designed to see how the players dealt with moving through 
moving obstacles. Two of the seven aimed themselves to go either straight through the middle of 
the obstacle or at least to the side of the central sphere, with one of them colliding with the 
sphere and reacting with surprise. It was unclear if they realized the sphere would damage them 
or not. Four of the players opted to go through the side of the obstacle, avoiding the center and 
moving through fewer rings. Only one player, after failing to go straight through the rings, found 
a bug wherein the walls around the rings did not have proper collision detection and could 
simply be flown through. All players got hit by the obstacle at least once, with six of them then 
being confused as to which direction they came from after being spun around and needing 
further guidance. 
The second room involved locking the players in the room for a short time and requiring 
them to dodge explosive devices that followed them and caused large amounts of damage upon 
contact with the ship. These bombs would explode after a short period if avoided and were meant 
to see how well players kept up awareness of all sides of the ship. Only one of the players saw 
and realized the bombs were dangerous before getting hit by any of them. Among the remaining 
players, all but one were able to keep a safe distance from the bombs, even when they started 
approaching from different directions. This section was unintentionally made easier by the 
previously mentioned laser bug. All the players realized they could fire the laser even though 
they were not supposed to, and they made use of it to fire at the bombs.  
The third obstacle presented was a long hallway with a button at the start of it and a 
closed door at the end. After hitting the button, the door would open and the hallway would be 
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filled with small walls, forcing the player to fly around them to make it to the end before a time 
limit came up and the door closed. This portion was meant to see how players reacted to pressure 
as this section was the only one that could technically be failed and couldn’t self-complete like 
the spinning rings could by knocking the player through. One player missed the button 
completely and had to backtrack after going all the way down the hallway and asking what to do 
next. Of all the players, only one didn’t finish the game. Participant 2 spent over a minute on this 
obstacle, finding it hard to navigate the hallway without getting stuck on many of the walls or 
getting turned around halfway. She decided to give up after retrying the obstacle 4 times. 
The final section, a room that became filled with bombs like the second obstacle but with 
a long hallway attached and a slowly opening exit door at the end, was meant to create a sense of 
tension at the end of the experience. Due to the bombs spawning behind and above the player, 
two of the players didn’t notice them at all and merely dashed through the room and squeezed 
past the exit door. Two players did not see the bombs and paused in the room, giving the bombs 
time to catch up and cause large amounts of damage to the players. Finally, two players saw the 
bombs and kept moving towards the exit to avoid them. Of those two, one made use of the laser 
to destroy all the bombs before leaving while the other went right for the exit. 
Aside from the room specific observations listed above, there were some common 
behaviors during the playtesting. Players were noted bumping into the walls many times in each 
section and sometimes openly mentioned that the ship seemed to be too fast. The players did not 
appear to get upset or frustrated with the game at any point during the session, including the one 
that gave up in the hallway section. That player chose to stop after getting caught in a corner for 
the 4th time while laughing. Despite the bugs and lack of initial instructions, all the players 
looked like they enjoyed the experience, which was reflected in their questionnaire responses. 
 Player responses after the playtesting were mostly positive for this version of the game 
(See Appendix C). The average playtime was kept to under 3 minutes and most players were 
able to get a strong handle on the controls and navigate the level without taking too much 
damage. This fact is largely due to how the single players could make use of the ship’s laser 
directly rather than having this defensive measure reliant on another player. The lowest scored 
aspect from the questionnaire by far was in regards to how well the players felt they could 
understand their position and the scale of the dome in the virtual space. Many remarked that they 
found themselves bouncing into walls quite a lot and couldn’t tell how big they were overall. The 
most common feedback in the responses was asking for more instruction within the game on 
controls and goals. 
Players in the first session found the control layout, immersion and ship maneuverability 
aspects to be generally positive, averaging over 7 on the scale of 10. This factor could be skewed 
by the uniformity of the playtesting audience for the first session. All 7 participants that filled out 
the forms were students gathered from the Westphal Digital Media College, which explains why 
multiple players noted in their feedback that they had previous experience playing video games. 
Some participants (3, 5 and 6) even noted that they had played games with similar controls. 
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Players found the level’s hallways too confining and also noted how they wished there was more 
room to move around and fly freely, wanting a more open aesthetic to the level design. 
In response to the feedback and observations from the first playtesting session, many 
changes were made to the game. First, the major bugs keeping the multiplayer experience from 
working were sorted out. The two-controller setup was fixed so each player had their own duty 
in the game, with the first player controlling the ship’s movement and the second player 
controlling the ships laser. Alongside this, more obstacles were added for the multiplayer version 
of the level. This was done based on how the players in the first session were able to so easily 
make it through the game with the laser. It also was meant to give the player controlling the laser 
more agency within the experience as the first player could technically complete it on their own 
and the second player’s role didn’t feel engaging at that point. By adding more explosives and 
changing the speed and variables on the other obstacles while adding the ability for the laser to 
affect these variables (i.e. speeding up the spinning rings, but allowing the laser blast to stun 
them for a while), the second player was meant to feel more active in the experience.  
Secondly, a tutorial level was created to guide players in learning how the game works, 
complete with UI elements that explained the controls explicitly. This tutorial level was designed 
to only take a short time and give the general understanding of the controls through its 
progression. Players were placed in a very small ventilation system that provided little room for 
free flying to keep them focused on learning how to control the ship. Text and images displayed 
on the front of the ship informing players on how to use the controls, changing when the players 
reached certain points of the tutorial. The tutorial included some sharp corners to teach the player 
to turn, some overturned and broken shafts to teach the player to roll the ship, and a section that 
was blocked with a destructible grate if the game was in multiplayer mode to teach the second 
player how to use the laser. A final message in the last section informed the players of the 
general goal of the game to escape the space station by following the green signs. Upon exiting 
the vents, the main level loaded. 
Finally, the main level got a lot of different adjustments based on the player feedback. 
The entire level was made larger so the player would have more leeway to move about the 
hallways freely while still being in a linear path. This was done as a means to meet the mechanic 
and aesthetic dissonance somewhere in the middle in hopes it would make the experience more 
enjoyable. With the bigger hallways, the player’s ship felt a bit smaller, but also was able to fly 
around at full speed without constantly banging into walls as observed in the first session. The 
entire main scene was also brightened significantly to make the details in the scene a bit clearer 
to players in an attempt to help them understand their proximity better. To solve the issue of 
getting turned around, green signs with red on their backside were placed along the path to give 
the players a general guide through the level as well. These signs were put in to indicate to the 
player visually when they had been turned around and started going the wrong way, as any sign 
they had passed would be red. The bright green of the signs also gave players a clear goal to look 
for in each room to keep themselves progressing properly. The obstacles within the main level 
were also modified to be more engaging. The spinning rings of the generator segment were 
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expanded so they varied in size, making some rings require more thought into the timing of due 
to a thicker model. The bombs in the later areas were given a sound to make themselves more 
noticeable to players and increased in speed slightly so it was harder to shake them off. Finally, 
the exit to the final room was made to open slower, requiring the player to actually pause for a 
moment, after getting some distance from the bombs with the hallway, before they could leave as 
a means to increase the tension of the end. 
 
Playtesting Session 2  
The second playtesting session was much more successful than the first. Due to being 
able to acquire a more open and public location, a wider variety of players participated in the 
playtesting. Overall 23 players participated in the playtesting, with ages ranging from 18 to 53 
years old. One participant did not return the questionnaire after playing, so data could only be 
recorded for 22 players. Of those 22, several didn’t fill out all the information requested or filled 
out answers to questions on the multiplayer quality when they played single player. 9 of the 22 
players were unable to finish the game, with two players specifically being unable to continue 
due to worries of motion sickness. Despite signs warning participants with a history of motion 
sickness being posted, one of the first players did actually claim to suffer from such a history 
after playing the game for a short time. The other player that gave up from motion sickness did 
not claim to have had troubles with it in the past. 
As the second playtesting session was larger and faster paced, with participants playing 
one after another rapidly, the general notes got overlapped and improperly numbered, so only 
generalized amounts were recorded. The player set was a lot more varied in age and experience, 
which is the most likely reason why the general observations were less uniform than the first 
session. One commonality among all the players in the second session was the shared with the 
first session: the initial draw of the system. Players were all noted being vocally interested in the 
dome itself and many were surprised at the concept of controlling the dome as a game. This was 
especially prevalent among the players past the age of 30. Older players, many of whom voiced 
concerns that they wouldn’t know enough about games to be able to play the game successfully, 
were noted having a lot more trouble getting used to the game controls. Specifically the concept 
of dual analog stick controls were hard to grasp for a few. The players wouldn’t use both sticks 
at the same time, turning the ship with one stick then moving forward with the other, rather than 
moving in a smooth curve using them together. Others found themselves understanding the 
controls, but getting confused and saying they were “backwards”. This was in regards to the 
turning axis: pressing up made the dome’s perspective tilt upwards, towards the dome’s ceiling, 
and pushing right made it turn towards the player’s right. Some people, however, seem to find 
these controls inverted, thinking that when they press up, the view should turn downwards, as if 
the “camera” of the scene was being pushed up from behind. This project did not include an 
option to invert the controls for this instance, but there were at least 2 players that specifically 
asked for such an option. Player movement was slightly improved in the main level. There was 
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less banging into walls in the main level, excluding the long hallway segment that will be 
discussed below. 
Six groups participated in the multiplayer version of the game. Among those, one player 
participated with two partners, thus giving data for both roles. Another pair consisted of a father 
and his young son who did not fill out a questionnaire due to being unable to comprehend it. As 
such, only 10 questionnaires were filled out with the multiplayer aspect in mind. One noticeable 
bug that caused a problem among all these groups was that the target the second player 
controlled for aiming the laser was able to move below the ship’s view. This was very 
problematic as the players kept losing track of their place on the dome. A simple solution found 
was to just hold the control stick upwards until the target moved to the top of the dome again, but 
this solve was very inconvenient. Four of the six controlling the laser also claimed that they 
thought it moved too quickly and couldn’t be aimed precisely. This issue was made worse by 
how the ship turning would make the laser move as well, meaning aiming the laser while the ship 
turned would make it go way off target. This overall made one clear note: for an asset that has to 
move around the dome and be quickly maneuverable, there should be some form of reset button 
to return it to a resting position. 
There were several issues seen in the tutorial segment. The most prevalent problem with 
the tutorial was that it was far too dark. Small red lights had been added to the level to make it 
more readable, but the dome projected it much darker so only the lights themselves could be 
clearly seen. Players starting the tutorial got confused and had to be told to follow the red lights 
to go forward, but due to the vents being too similar, players often got turned around and 
confused. Overall, only around half of the players actually finished the tutorial segment. The rest 
started to get agitated with the tutorial, so the game was reset and started from the main level 
using the game’s pause screen (a failsafe included in the game for that very situation). Of those 
that completed the tutorial, only 5 actually stopped to read the final, most important message of it 
informing them on how to proceed in the main game. Every player needed to be reminded at 
some point to look for and follow the green signs. Overall, the tutorial ended up being far more 
aggravating than it should have been. 
Once past the tutorial, there was a common improvement in player attitudes. The switch 
from the confined space of the tutorial to the still confined, but much larger space of the hallways 
had many players saying that they found the freedom more enjoyable. Players also took to 
following the green signs quickly once they had been told about them. Some scattered, stationary 
explosives in this segment in the multiplayer portion also helped the multiplayer groups better 
understand how to use the laser before pressing forward. 
The ring room had generally the same response from players as it did in the first 
playtesting session, with most players going for either the center or side of the obstacle. The 
changed scale of the rings made the center option (going through all of them) more difficult, but 
players seemed to just be drawn to it. When the ship was spun or pushed by the rings, players 
were able to recover easier by looking for the green signs, alleviating the biggest issue of the 
obstacle. This room was changed to be more active for the second player in multiplayer by the 
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existence of some bombs in the room. The rings were also much faster but hitting the center 
sphere would stop them for a few seconds. Of the 6 multiplayer groups, four discovered this 
function by themselves through experimenting with the laser while two required guidance from 
the tester on how to get past the faster rings. 
The second room was still too cryptic for players. Though the bombs now made noise as 
they approached, the majority of single players were unable to figure out what was happening 
until after the first few bombs hit them. Even after figuring it out, only 5 players were able to 
avoid the bombs until they exploded successfully. The multiplayer version was simply made to 
last longer, thus sending out more bombs, as this room was already very active for the second 
player. Three of the six groups were able to work together after realizing what was happening to 
shoot down all the bombs by getting a safe distance away from the spawn points and then 
holding the ship still while the second player shot. The other multiplayer groups couldn’t 
organize in this way and got confused due to the targeting issues mentioned earlier. 
The hallway obstacle presented the largest challenge for players. Most players that did 
not finish the game stopped because they could not navigate the hallway in time, similar to the 
one player in the first session. Several players this time also skipped the button and had to 
backtrack to the start. Players seemed to most often get caught up on the walls that blocked the 
hallways diagonally, possibly because they couldn’t figure out how to move the ship itself 
diagonally perpendicular to the wall. Most would end up crashing into one of the walls and then 
being unable to pull themselves back and move around in time. This was also partly due to the 
fact that if the ship was moving at full speed and touched a wall, as it often was going down the 
hallway, it would spin the ship a bit. This turning may have been set too high and kept 
disorienting some players. The only interaction for player two in this section was the ability to 
hit the button from halfway down the hallway, skipping several walls. Three of the multiplayer 
groups made use of this as they failed to get through the hallway the first time and didn’t go all 
the way back to the button. 
The final section was broken. The exit was accidentally made to open far too slowly so 
none of the players were able to exit the game before getting hit by the wave of bombs. Two of 
the multiplayer groups were able to coordinate and destroy a majority of the bombs before they 
damaged the ship. Due to this problem, all the players finished the game with much higher 
damage numbers than the previous session. 
Among the players, the most active responses came from the multiplayer groups. The 
five groups that participated consisted of: two male undergrad students, one of the previous 
students and a third male student, a young boy and his father, another pair of male undergrad 
students, a female undergrad student and her mother, and a group of three female and one male 
undergrad students. The one player that did both multiplayer roles was an undergrad in Drexel’s 
Game Art and Production major, the kind of student developer that this thesis is being made to 
help. His feedback was very critical, and he suggested several changes that have been listed in 
this analysis, such as having a button to center the targeting reticule for player two. He gave 
some unique feedback having played both roles, claiming after the fact that playing as the first 
Fatemi-Badi 22 
player flying the ship after having watched as the second player controlling it helped him more 
easily adjust to how the ship controlled. During his gameplay, this participant and his partners 
were very coordinated. They didn’t talk much beyond saying things to give each other ques on 
what to do and where to go.  
The two groups with parents and children presented an interesting dynamic of how IDEs 
such as these could bridge generational gaps. The father-son pair had a much larger age gap than 
the mother-daughter pair, but the experiences were somewhat similar. In both cases, the 
asynchronous gameplay benefitted the pairing. The father took control of the ship and left the 
easier shooting segments to his son, while the more game-savvy daughter drove the ship and had 
her mother take the easier role. In both cases, the one controlling the ship had a fairly strong 
handle on how to play such games, and the second players were less experienced and asked more 
questions. The experience for both pairs was overall positive with a lot of discussion between the 
players about the excitement of the experience. The father-son pair gave up during the hallway 
segment as the young boy started to get agitated and wanted to go. The mother-daughter pair 
were surprised that they were able to complete the game. 
The most interesting group was the last one that played, which consisted of a group of 
four undergrad students. All four wished to participate in the playtesting, but ultimately only two 
were able to play the game before the group had to leave for a class. While two of the female 
students played, the remaining female student and male student sat at the edge of the dome and 
watched. This was the only group that had an audience that were not players. During the playtest, 
all the members of the group were very vocal, often joking with each other over bad 
performances (i.e. complaining that the first player didn’t know how to drive). The students that 
were not playing the game were observed as being somewhat active in the experience itself. 
They helped in finding which direction to go by looking all around the dome, offered advice on 
some obstacles, and even were seen reacting by physically ducking their heads a bit or moving 
when the ship bumped into walls or grazed past the spinning rings. These students also got stuck 
on the hallway section, but unlike other groups they approached it differently. After several 
failed attempts, the students switched controllers, with the one that was originally controlling the 
laser saying that she could drive better than her friend. As she started, she dodged the first few 
walls well, prompting her to comment on it. Afterwards, she ran into a wall and got stuck trying 
to turn herself around, causing all four participants to laugh to the point that it was heard outside 
the dome. The two students did clear the obstacle and the game shortly after this before all four 
had to leave. 
 Many of the average scores in the second playtesting session were noticeably lower than 
the first session (See Appendix D). This is at least in part due to the larger variance in player 
experience and age, as well as the data pool being over three times the size of the last session. 
Despite no major changes being made to the ship’s movement controls, the average rating for the 
ship controls dropped to right around 5 out of 10 and many found the controls themselves to not 
be very intuitive. An important issue with the second playtesting build that may have contributed 
to this fact is that the instructions for the ship’s movements in the tutorial were accidentally 
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reversed, claiming the right stick move the ship and the left rotated when the truth was the 
opposite. Also of negative note, the player scores for both ship damage and playtime increased 
greatly with the new build. Finally, the multiplayer experience, while praised in some of the 
notes and observed to be very active during playtesting, was deemed lacking in regards to how 
much P2 was able to contribute to the experience in the questionnaire responses. A more 
engaging or interactive experience for P2 was desired. 
 There were some positive questionnaire results from this session as well. Player 
immersion didn’t take nearly as large a hit as the other scores did when going to a larger sample 
size, still sitting near 7 out of 10. The effectiveness of the dome environment in immersing the 
players in a game experience seems to be fairly solid even with relatively simple graphics. There 
was also a slight increase in average player spatial awareness and enjoyment of the game. 
Despite the wide gap in ages, many players found themselves enjoying the experience and were 
able to get at least a reasonable handle on their spatial position while within the dome. These 
numbers could still be improved upon with future iterations, but as they were targets of 
improvement with this build it is a slight success. 
 
Discussion 
Development Tools 
 During the development of the proof-of-concept game, both the Omnity plugin from 
Elumanati and the Pseudome prefab designed for this study were found to be usable, but flawed. 
They serve as an effective solution to issues when approaching game development for dome 
projection. They do, however, require a good amount of work to understand and use effectively, 
and even then certain aspects of them need to be updated or worked around to be able to help 
with potentially larger projects. 
 Omnity is a great tool currently, despite some bugs and hurdles. If one can get the edge 
blender working, the plugin itself is basically all you need to change a regular game into a game 
for dome projection. Unity’s own bugs and Omnity’s licensing system can get in the way of this 
process to frustrating degrees. Also, it is important to ensure you keep the configuration files 
between builds and your workspace consistent, especially when changing more of Omnity’s 
default options. When using Omnity you must also make sure the hardware running the game 
can handle rendering the scene multiple times smoothly as well, or work to make you scenes 
highly hardware efficient. Keeping these in mind, the Omnity plugin can be used with just about 
any project to achieve a usable result. 
 For those new to dome productions, the Pseudome prefab is a good way to start to 
understand how a dome master translates to a dome projection. It is not a perfect simulation, but 
it warps the dome master just enough to get an idea of how everything is looking without putting 
it into an actual dome. It is incredibly important, however, to not just trust the simulation 
outright. The brightness and contrast of the Pseudome’s material needs to be adjusted based on 
the projection quality you are expecting for the project. A smaller or less powerful projector can 
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result in scenes being much darker than they appear in dome masters, so applying the dome 
master to a properly modified Pseudome can save a lot of time testing a render only to find it is 
practically unlit. 
Strengths and Limitations of IDE 
 The proof-of-concept game development and playtesting made clear some very important 
strengths and limitations of this design that should be taken into consideration for future 
interactive dome experiences. While this single game design is not indicative of all games, some 
of the points that became clear are rather general and can be applied to many different games. 
 A major strength that stood out with the proof-of-concept is the immersive efficiency of 
the dome environment. The game used very simple graphics and had many visual bugs, but 
players were still immersed and fascinated with the technology. In both playtesting sessions, the 
dome garnered a lot of attention just through its presence. Players universally were fascinated at 
the offset of being able to interact with the dome in such a unique way. Being physically inside 
the virtual space with full peripheral vision created an experience that many of the players 
enjoyed despite the shortcomings of the game. In fact, a surprisingly effective factor was how 
much secondary players found themselves immersed in the experience. Both second players and 
bystanders who were watching without participating found themselves wrapped up in the action. 
Even as the playtesting observer and developer of the game, I personally found myself ducking 
when players barely scraped through a narrow hall. While the multiplayer contribution got low 
scores, the actual interactions during play among teammates were very active and sometimes 
even competitive. One group of players wound up switching their roles halfway through the 
game by simply swapping their controllers, an option that is not available in other immersive 
game systems like VR. The potential for a more physically interactive multiplayer experience 
within the dome is something that seems very worthy of future exploration. 
One of the most prominent negative issues that came up in the game is that of conveying 
information to the players, both narratively and physically. Even with the tutorial text on screen, 
many players ignored the prompts and asked what they were meant to be doing next. Some even 
read the prompts and still didn’t understand fully what to do. Many players noted how they 
wanted more of an explanation of the reason they were in this situation and trying to get out of it. 
Still other players found that the prompts and UI elements on the screen took up too much of 
their screen space at times, which is surprising given how much of it there is. Moving the 
prompts and spreading out the UI seems like it may help future games. That solution, however, 
goes into the other half of the problem. Within the virtual space, it was also very difficult to grab 
player attention from the general front of the ship. This meant that things like bombs clearly 
coming up from the back of the player were completely missed despite audio prompts. A 
stronger UI prompt in the general looking direction of the dome could possibly help, but that 
then steps into the aforementioned problem of too much or ignored UI in the player’s vision. It’s 
a tough balancing act of having things that will keep the player looking around the virtual space 
as well as keeping them focused on a goal even as simple as “move forward”. 
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Balancing aspects overall with the IDE can also vary greatly as was noted in the 
development of this project. Some major problems such as how to best display the fulldome 
environment while giving players the ability to understand their surroundings, especially if 
they’re able to move around freely, is a problem any IDE will need to overcome. A means of 
allowing players to reset the position of objects and UI also seems important, especially if 
developers wish to have any UI aspects that move around the dome that can get lost or cluttered. 
Accounting for varied player experience levels is something all games do as they decide on 
target audiences, but it seems extra pertinent to clarify this with IDE. Players are going to be put 
into a situation where they cannot see their controllers clearly, so for less experienced players, 
visual representations of how the controllers are laid out, rather than simply saying “Button 
X/Right Trigger/etc.” is something to keep in mind. Finally, from a development standpoint, 
taking into account the amount of information coming at players from all angles is important. 
Very few players in these sessions were observed to be looking around the dome often. This is 
why every player across both sessions got hit with at least one bomb. Finding ways to better 
spread player attention, or simply incorporating multiplayer that allows for splitting attention to 
different parts of the screen are ideas that should be explored in the future. 
Future Uses 
 During the development of the proof-of-concept, many factors were considered from 
control schemes to level designs. These evaluations, however, all came from a single developer’s 
reasoning and should be considered by other developers in the future as well. There may be a 
perfect way to utilize a keyboard inside of a dome and overcome the hurdles listed in this 
document, or a better way to develop a space flight simulation where players get a strong sense 
of speed in an IDE. More solutions could also be discovered to overcome issues and highlight 
strengths from the above section. 
 To help with generating more ideas for future games and experiences using dome 
projection, the final question on the playtesting questionnaire, for both sessions, asked “What 
other kinds of games would you want to see played in an immersive dome such as this one?” Not 
every player filled out a response to this question, but the ones that did presented some very 
fascinating ideas that covered many different aesthetic designs (See Appendix C & D). Many 
players suggested racing or flying games, something similar to the proof-of-concept developed in 
this study but with different rules and constraints, keeping up with a fast-paced feeling of 
motion.  
Other players suggested puzzle games, with one in particular suggesting an “Escape-the-
Room” type experience. This kind of game would involve players looking around a single 
environment for clues or interactions they can use to find a way to escape it. Such a system 
would probably compliment the design of the dome environment as players could explore their 
options in a more three-dimensional space while the camera could remain relatively still, 
avoiding any graphical issues and opening up the players intended field of view to the entire area 
of the dome. Many wanted a more explorative aesthetic experience that was initially considered 
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for this project but turned down due to limitations in the initial design. An explorative system in 
a different environment, or with a different setup, could certainly be worthwhile.  
Finally, a personal favorite from the playtesting session, someone suggested “Pong.” 
They felt a retro arcade visual style could go well with the dome due to the high contrast and 
how it would read well despite the projectors limitations. They expanded on their suggestion in 
person after filling out the form, going into more detail on how they thought it could work. By 
having the pong paddles placed at the edge of the dome, and having them move around the dome 
in a circular fashion, the ball could move, instead of just back and forth, all around the dome, 
forcing players to move drastically. Instead of existing on a flat plane, the game would play more 
like the ball was being lobbed up into the air overhead and back down to be received. This game, 
while being mechanically very simple, could be an excellent way of enhancing the competitive, 
physical multiplayer experience of the dome. 
Conclusion 
 This study examined the potential and practice of developing interactive experiences with 
dome projections. With modern plugins like Omnity being able to create usable dome master 
renders from easily accessible programs like Unity, the ability to develop games on domes is 
something entirely possible for student and independent developers. Using some simple tools 
within Unity itself, the prospect of transferring a virtual environment to a fulldome projection 
can even be visualized for developers without experience with dome technology or even 
immediate dome access. With this unique, immersive medium, new ways of thinking and 
developing games and interactive experiences, especially multiplayer ones, can be approached. 
 When developing with this new technology, many aspects still need to be explored. 
Being able to convey information effectively and catch the players attention with 360° of motion 
are just a couple major problems that must be addressed that were found through developing a 
relatively small proof-of-concept game in this study. At the same time, the unique strengths of 
the fulldome environment like the close and open proximity of multiplayer and the potential for 
spatial narrative that started to show up in this study also need further exploration. 
 This study is meant to act as a springboard for future development with fulldome games, 
presenting one case and bringing up things that worked and didn’t work. Many tools and their 
shortcoming have also been discussed so future developers can better understand and work with 
them. All of this will allow for other game developers to approach the concept of interactive 
dome environments more easily as the process has been outlined and shown to not be all that 
hard to grasp. 
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Overview: 
Space Escape is an interactive dome experience designed for a small, single projector 
dome. It is made to play on a Windows laptop computer using the Unity engine and 
Xbox360/Xbox One controllers. In the game, players take control of a spaceship as they navigate 
through a level with obstacles and challenges. The dome acts as the ship’s cockpit, giving the 
player a view of their surroundings and situating 
them at the center of the ship. As they navigate 
the levels, they are scored on both the amount of 
time it takes to complete the level by getting from 
the start to the end, and the amount of damage 
they take in that time from various enemies or 
crashing the ship itself into things. Average 
playtime should be around five minutes to 
complete the main level. The game is designed to 
appeal to all ages and only has some levels of 
violence from the use of explosions. 
 
 
 
Programs, Websites, and Plugins: 
 This game uses 3D models made in Autodesk Maya, with textures made using either 
Unity or Photoshop. Some texture files use images from www.textures.com. Audio files used 
were gathered from www.freesound.org.  
 The font used throughout the game is Emulogic from www.fontspace.com.  
 The Omnity plugin from Elumanati was used to create a usable dome master for the 
scene. This plugin was purchased for use with this project by the Antoinette Westphal College of 
Media Arts and Design. 
 The game uses Xbox360 and Xbox One controllers, using the Microsoft XInput API. 
 
Mechanics: 
 Space Escape allows for single or multiplayer experiences. From the game start screen, 
player one (P1) can either hit start to begin the game from the tutorial section or hit the Y button 
on the controller to skip to the main level. Before P1 hits either buttons, player two (P2) can join 
the game by pressing the A button. If player 2 does join, then certain assets in the tutorial and 
level will remain loaded in, as is noted in the Level Design section, to make the game more 
difficult. 
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Player 1: 
 During gameplay, P1 controls the spaceship, which consists of the main camera in the 
scene, scripts controlling the ship’s movement and player time/damage scores, event and 
physical colliders for interaction with the scene, and a 3D model of the cockpit itself displaying 
support bars for the “windows” and some lights in the back of the cockpit. 
 P1 can move the ship forward, backwards, left or right with the left control stick, and 
rotate the ship’s facing direction upwards, downwards, left and right with the right control stick. 
An engine sound will play while the player is using the left stick. While not currently present in 
the game, for the future an option should be put into the start screen or pause screen to invert the 
rotation controls to fit player preference as this subject was referenced many times while 
playtesting. 
 P1 can also roll the ship (rotating it along the z axis) by pressing the right or left trigger to 
roll it in the right or left direction. The right and left bumpers allow the player to move the ship 
directly up and down in the virtual space (right bumper moves it up, left moves it down). During 
playtests, it was noted that players got these two confused or sometimes forgot this function was 
possible, so for future builds an option to reverse or remap these may be needed. Finally, P1 can 
pause the game by hitting the start button on the controller while in the game levels. 
 When playing alone, P1 must simply navigate the level to reach the end. Bumping the 
ship into any wall at low speeds will cause a small amount (1) of damage to be added to the ships 
score and play the “hit” sound at a high frequency and low volume. If the ship hits a wall while 
going past a set speed limit, this damage will be higher (10) and will cause the ship to slightly 
rotate in a random direction, change its internal light to red for a brief period and play the “hit” 
sound at its regular frequency and volume. In the level, there are some moving objects (i.e. the 
ship generator or the bombs described in the Level Design section) that will react to colliding 
with the ship. Both will cause large damage to the ship (100) and cause the ship to violently 
rotate in a random direction while changing its light to red for a moment and playing the “hit” 
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sound at a lower frequency and higher volume. The generator will continue to push and harm the 
ship, while the bombs will detonate upon contact and destroy themselves. 
  
Player 2: 
 P2 will control a targeting reticule that can be found in the front of the ship at the start of 
the game. In single player games, this object is destroyed on start. The targeting reticule can be 
rotated up, down, left and right around the dome using the left control stick. By pressing the A 
button, a laser prefab will spawn in front of the ship and move forward in the direction of the 
reticule at high speed. From playtesting, it was found that the reticule can become lost on the 
screen fairly easily at times. To remedy this, for future builds, the targeting reticule should be 
able to be returned to its starting position at the start of the ship when the player presses the B 
button, and the limits on how far the reticule can shift need to be set to match the dome’s 
viewing space. 
 The laser will emit a sound and continue to fly forward until it collides with another 
object in the scene, after which it will destroy itself and trigger some effect. If the object it 
collides with is a bomb, the bomb will detonate immediately but cause no damage to the ship. If 
the laser hits the central point of the generator, all of the generator’s moving parts will freeze for 
a set amount of time and a loud malfunctioning noise will play. If the laser hits anything it can’t 
interact with in the scene, the laser will spawn a smoke cloud particle that will destroy itself after 
a set amount of time. 
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Additional Mechanics: 
 Additional mechanics can be found 
in both single and multiplayer versions of 
the game. One is a room that will lock the 
player in itself upon entering, change the 
room lighting to red, and emit an alarm 
sound. Bombs will spawn and chase down 
the player while emitting a sound for a set 
amount of time. The frequency of their 
spawning is twice as fast when there are 
two players present, and they can either be 
destroyed safely by avoiding them 
altogether wherein they will explode on 
their own after a short period, or having P2 
shoot them. The fact that they explode on their own after a set time was not clear to players and 
needs a stronger visual or audio clue. The room returns to normal after the time limit is up.  
There is also a room that functions similarly to the above room, but it spawns a large 
number of bombs at once and instead slowly opens its exit door over a set amount of time, 
prompting players to try and squeeze themselves out as soon as they can. This mechanic needs to 
be changed in future builds, as no player was able to figure out that the door was opening slowly 
and they always got caught up in the wave of bombs. Adjusting the bomb speed to be slower and 
the door to be shake and show motion might be an effective option, or adjusting how the exit 
opens so it’s more active for the player. 
Finally, there is a long hallway with a door blocking the path at one end and a button on 
the other. The button says “Hit X” which was found to be misleading and should be relabeled as 
“Hit Here” or something similar as the Xbox controller actually has an X button. Upon hitting 
the button with either the ship itself (P1) or the laser (P2), the door at the end of the hall will 
open and several doors that were beyond the walls will move inward slightly at different angles 
to create a short obstacle course down the hallway. The button will also change to green with an 
arrow pointing down the hall and the word “Go” on it to give the player direction. After a set 
amount of time, the walls will pull back, the door will close, and the button will return to normal. 
After clearing all the obstacles in the level and reaching the end, player movement will be 
frozen but and their ship will continue to move forward into open space. They can still rotate the 
ship but otherwise all controls are disabled. Text indicating they have cleared the game is 
presented and they can press start to return to the main menu screen. 
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Level Design: 
Initial Level Design: 
It is important to note here that there was a drastic change in the level design during 
development. The initial level design for the game had players moving through an open quadrant 
of space towards a randomly designated target planet. A sprite pointed at the target planet would 
rotate around the dome as to always have the player know the target location. In this iteration, 
the main obstacles were to be an asteroid field set between the player and the target, and enemy 
ships that would chase the player’s ship and shoot their own lasers to cause damage to the player.  
This design was scrapped soon after the development of the main ship control mechanics 
as some major flaws became clear. First and foremost, it was very difficult to create a fun 
experience for the player in this open air design. The space setting allowed for more freedom of 
motion, but it was difficult to get any sense of speed and motion due to the sheer scale of the 
environment in comparison to the player. Even in the asteroid field, movement felt sluggish due 
to large distances. The aesthetic of the free flying simulator here didn’t really work out due to 
limited options for interaction. Secondly, this design presented many problems from a level 
design standpoint. There was no means for limiting the player’s movement in this environment, 
so they were able to avoid all obstacles if they just took the time to fly around them. Due to all 
this, this initial level design was scrapped in favor of the current one, wherein the player must 
navigate a large space station’s hallways and rooms as they try to escape it, with the game ending 
upon them reaching the open space scene from before. 
 
Start Screen: 
 The start screen contains the game’s 
title in large text and instructions on how to 
start the game. Above there is text 
prompting P2 to press the A button to join 
the game. On the right and left there are 
records of the lowest times and damages 
achieved to clear the game, both in single 
player and in multiplayer. 
 A few issues with the start screen 
were clear when playtesting. The main one 
is that, due to the placement of the Player 2 
prompt ending up above the players, most multiplayer players missed it. Many players saw how 
to start the game and immediately did so, not taking note of the text in the peripherals. Changing 
the color of the P2 prompt did not seem to make it more evident, so a new solution needs to be 
considered for future builds. The simplest option would be to rearrange it to place the prompt 
below the start instructions, scaling down the main title and text in general so it all fits on the 
“front” of the dome. However, it would be difficult to also get the lowest scores into that area of 
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the dome as well, so perhaps some kind of prompt to read the sides on the side of the title may be 
needed. The UI use of the dome’s massive screen space in general is apparently a much harder 
subject than initially thought. 
Tutorial Level: 
 The first build of the game did not include a tutorial section. After the first playtesting 
session, it was made clear that players needed some kind of tutorial before progressing to the 
main game so they could better understand the controls. 
 In the tutorial, players find themselves in a small ventilation shaft, with little room to 
move around freely. This was meant to keep them focused on moving forward through the 
system to learn the basics of movement. Red lights placed along the vents were meant to act as 
guides for the players moving forwards, with the general level being very dimly lit. This was a 
mistake, however, as the final result projected onto the screen was far too dark to understand 
where the player was most of the time. For future builds, this area must be lit up better so the 
player doesn’t get so easily turned around and can see where corners in the pathway are. 
 As the player progresses, different visual prompts of the controls come up. The first 
section just requires them to turn several right angle corners, getting a sense for the dual control 
stick setup. After this, the next section has the vents collapsed and skewed slightly. The prompt 
changes to one describing the ability to roll the ship to better orient their view as they move 
through the twisting vents. It is followed by an area with vertical corners, where the player can 
either use the vertical motion buttons or turn the ship upwards to proceed. In the final area, if 
there is only one player, the path simply narrows to the exit point leading to a loading zone for 
the main level. If there are two players, however, a prompt is brought up informing P2 on their 
controls and how to shoot. Two vents block the narrowing path that can be shot at to be 
destroyed and move on to the main level. Before the main level, the prompt changes informing 
players to follow the green signs in the next level. Many players missed this as they rushed to the 
loading zone, so it needs to be placed at an earlier point to grab more attention. 
 During playtests, a few major 
issues were noted with the general 
design of the tutorial as well. The 
prompts themselves were deemed too 
distracting by many players, as they 
take up a large portion of the ship’s 
“front”. Making them lightly 
transparent and having them fade out 
after a set time rather than changing 
after hitting certain triggers in the 
tutorial may remedy some of this 
issue. Another problem that was 
observed was in the multiplayer mode of the tutorial. The first player is addressed immediately, 
but P2 often immediately asked how they do their function rather than waiting until it came up in 
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the tutorial. Some kind of note or indicator that P2’s section will be coming up later, or a way of 
presenting P2’s controls immediately might help. The latter could be a problem, however, as P2 
will find themselves with little to do or interact with until the end of the tutorial. Rearranging 
things so P2 has more agency in the start of the tutorial should be considered. 
Main Level: 
 The main level of the game consists of players moving the ship through the hallways of a 
large space station. These halls are much larger than the vents from the tutorial level. In the first 
iteration of this level, the player began facing a dead end blocked by a door. This was meant to 
prompt them to turn around and move down the linear, open path, but most players were 
confused by it and thought they could open the door somehow. In the second iteration, the ship 
was set facing forward and the wall was changed to be a bare wall with a small door and the now 
closed off ventilation shaft. Signs were also placed within the hallways as players in the first 
iteration often got turned around while playing and ended up going backwards. These signs 
consist of a rectangle with green on one side, red on the other. This is meant to act as an indicator 
of the right way to go, as if they are on the side seeing green, they are meant to move forward 
while the side showing red means they’ve been turned around. This seemed to be effective in 
helping players in most parts of the level, but some of the larger rooms still got players turned 
around, especially after the lockout section. Placing these signs in more prominent and 
understandable locations in the large rooms should help this problem. 
 For a single player game, the level starts with a straightforward path with a few corners, 
letting the player acclimate themselves to this larger environment. This portion of the level is not 
meant to present much of a challenge and just reinforce the tutorial’s lessons and demonstrate the 
green signs guiding the player. 
The next section is a large room 
with an unknown device in the center 
(referred to here as a “generator”). The 
generator consists of many concentric 
metal rings that spin in different 
directions at different, preset speeds. 
After the first playtesting session, the 
rings were changed to have varying 
thickness to make it harder. In the center 
of the generator, there is a small space 
with no rings the player can fit into, and a 
glass sphere containing a purple spear. 
The purple sphere emits particles that 
reach to the edge of the glass sphere. Touching any of the generator’s moving parts or its center 
point will cause the ship massive damage and usually send it bouncing around in the generator 
for a bit before being thrown out or into the center point. The player must navigate through the 
rings to proceed. Really, the easiest method is to just go on the outer ring of the generator and 
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slip by the single spinning ring, but only a few players seemed to figure out this trick. The rest of 
the players always seemed to aim to move through all the rings at once, squeezing by the center 
of the generator. Some players tried to move through the center sphere, so something making it 
more obviously a dangerous object is needed. 
The following room is another large one that has four black “holes” on the walls. The 
player can’t go through these and the path direct and open otherwise. Upon nearing the exit to 
the room, doors pop up blocking their path and an alarm starts to go off while the room 
periodically spawns in bombs that chase down the player. These bombs can be avoided to until 
they explode on their own. After a set amount of time, the alarm turns off and the doors open, 
allowing the player to move forward. This room needs some major work, however, as most 
players were confused by it. Some kind of UI indication that they are trapped for a set amount of 
time would be best so they don’t try to find some alternate way to open the door. A UI indicator 
of the bombs would also be good, as most players don’t tend to see them coming at first, even 
when they were given a loud noise. Finally, some more visual que that avoiding the bomb is a 
good thing is needed, as most players didn’t figure out they could just dodge the bombs for long 
enough to stop them. 
After this room is the long hallway discussed in the mechanics section. This segment is 
meant to give the player a chance and the urgency to fly quickly through obstacles, emulating the 
Death Star escape scene from Star Wars. The time given for navigating the hallway is rather 
generous, but there were still many players that got caught up in the walls and didn’t make it 
through. A UI element displaying how much time they have, and extending the time allotted 
after failed attempts, could possibly remedy this issue. 
The final room is the one that locks the player in with a large number of bombs. A 
hallway leading to the end of the level is attached and the intent was for players to fly down it 
and have to squeeze through a much smaller than usual opening to get out and away from the 
bombs. The speed of the door was too high during the first playtest, resulting in players making 
it through with no problems each time. In the second iteration the speed of the door was lowered. 
However, this caused issues with every player to the point where it was unfair. The door simply 
opened far too slow and many players didn’t even recognize that bombs had spawned behind and 
above them when it activated. Similar to the other bomb room, some visual indicator when 
bombs show up in the “front” of the dome is needed for future builds. Also the door opening 
needs to be sped up drastically. 
Main Level Multiplayer: 
When there are two players in the game, the level is slightly changed. A static variable 
indicates the player number in the game, and when the variable shows only 1 player, the game 
destroys certain objects in the scene before starting. These are mostly extra bombs that have been 
placed in the level’s path, requiring the second player to remain active and shooting them down. 
These bombs act differently from the other room bombs, as they do not chase the ship 
automatically. Instead, they remain stationary until the players come within their event trigger, at 
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which point they activate and act as the other bombs do, following the player, playing a sound, 
and exploding after a set time, upon contact with the player, or upon being shot with P2’s laser. 
With two players, some variables also change. The generator’s rings double their base 
speed value, making it much harder to move through normally. P2 can shoot the center of the 
generator to temporarily stop the rings altogether, allowing P1 time to move through. This was 
meant to be a mechanic to force cooperation among the players, and it seemed fairly effective 
during playtesting. The first bomb room also spawns bombs twice as fast in the multiplayer 
version, requiring the players to deal with more bombs in the same amount of time. The hallway 
with the button is unchanged, however P2 can make it easier by hitting the button from a range a 
short distance into the hallway, avoiding at least one obstacle. Finally, the last room with the 
large wave of bombs has the door opening slower than the single player version, forcing the 
players to wait for the door and shoot down the wave of bombs. This suffered from same issues 
as the single player one, wherein no team was able to figure out the mechanics of the room in 
time to avoid them. It likely needs much more work to be a satisfying finale. 
 
Assets: 
Models: 
 Ship Cockpit – Frame and lights 
 Modular Vents – Straight, right angle corner and large room pieces 
 Vent Grate 
 Modular Hallway – Straight, right angle corner and large room pieces 
 Sliding Door 
 Guide Sign 
 Generator – Concentric rings of varying thickness around a central sphere 
 Bomb 
 Pseudome 
Sprites: 
 Ship Front Indicator – placed at ship front to show ship’s facing direction when moving 
forward 
 Targeting Reticule 
 Tutorial Images – P1 control sticks, P1 triggers/bumpers, P2 controls, “follow the guides” 
message 
 CLEAR Sign 
Sounds: 
 Thruster/Engine 
 “Hit” (like a thud, when ship hits anything) 
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Sounds Cont.: 
 Alarm 
 Background Music 
 Background Ambience 
 Laser Firing 
 Bomb Beeping 
 Explosion 
Scripts: 
 Omnity (applied to main camera within the ship) 
 Activate Bomb – script to activate the bomb AI for multiplayer 
 Bomb AI – follow player, blow up after time, blow up if hitting player, blow up if hitting 
laser. 
 Bombs Ahoy – script for spawning bombs in the bomb rooms 
 Destroy for Single Player – if only one player, destroy this object 
 Destructible – destroy this object if hit by the laser 
 End Game script 
 Generator Stun – stop the generator’s rings when hit with laser for a short time 
 Hallway Control – manages the button press and obstacle hallway, moving objects on a 
timer 
 Laser Logic – moves laser forward and spawns smoke if hitting nothing to interact with 
 Last Room Control – manages the wave of bombs spawning around the player and the 
slow door opening at the end 
 Level Swap – manages switching between start screen, tutorial, and main level 
 Pause Screen – manages the pause screen via changing timescale 
 Populate Space – spawns the sun and planets a large distance from the player’s starting 
position 
 Second Room Control – manages the room that locks the player in and starts the bombs 
spawning 
 Ship Health – manages the player scores, counts time since level loaded and player 
damage 
 Ship Player – P1’s control of the ship object 
 Spinner – spins object on given Vector3 axis at set speed (used for generator rings and 
bombs) 
 Start Screen – manages the start screen mechanics 
 Target Control – P2’s control of the target reticule 
 Time Destroy – destroys object after a set amount of time 
 Tutorial Manager – controls the tutorial UI 
 Tutorial Step – trigger for causing tutorial to move forward in its display  
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B. Playtesting Questionnaire 
Space Escape 
Questionnaire 
 
 
Note: Feedback in this survey will be used in a final thesis work designed for publishing. 
Name below is NOT required, do not write in your name if you wish to remain anonymous for 
the purpose of the thesis document. 
 
Player Name: _________________________________ 
 
Player Age: ____ 
 
 
Player Number: 1 (Ship Control) 2 (Laser Control) Both (Multiple Plays) 
 
Did you play by yourself or with a partner? 
Solo Two Players  Both (Multiple Plays) 
 
Did you complete the game? 
Yes No Multiple Times 
 
If so, what were your score(s)? Rounded to nearest digit if you can’t remember the exact number. 
 
Ship Damage: _______________________________________________ 
 
Time: ______________________________________________________ 
 
Were you aiming for anything in specific? 
Low Ship Damage Low Time  Both  None 
 
Other: ______________________________________________________ 
 
While playing, where did you tend to look? 
● The ship’s front (Forward Direction) 
● One of the other sides of the ship (Other Directions) 
● All around (In General) 
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In the following questions, feel free to fill in any notes you wish to give related to the question. 
The notes are not required. 
 
On a scale of 1-10 (1 meaning not at all, 5 meaning neutral, 10, meaning did a lot)  
did you find the game controls intuitive (did they make sense)? 
 
1 2 3 4 5 6 7 8 9 10 
 
Notes: ____________________________________________________________________  
 
__________________________________________________________________________ 
On a scale of 1-10 (1 meaning not at all, 5 meaning neutral, 10, meaning did a lot)  
did you feel immersed in the experience (was it engaging)? 
 
1 2 3 4 5 6 7 8 9 10 
 
Notes: ____________________________________________________________________  
 
__________________________________________________________________________ 
On a scale of 1-10 (1 meaning not at all, 5 meaning neutral, 10, meaning did a lot)  
did you feel you had a good sense of where you were in the virtual space (i.e. distance to a wall)? 
 
1 2 3 4 5 6 7 8 9 10 
 
Notes: ____________________________________________________________________  
 
__________________________________________________________________________ 
Player 1 - On a scale of 1-10 (1 meaning not at all, 5 meaning neutral, 10, meaning did a lot)  
how well did the ship control (did it feel like you could move around well)? 
 
1 2 3 4 5 6 7 8 9 10 
 
Notes: ____________________________________________________________________  
 
__________________________________________________________________________ 
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Player 2 - On a scale of 1-10 (1 meaning not at all, 5 meaning neutral, 10, meaning did a lot)  
did you feel like you were able to contribute to the experience? 
 
1 2 3 4 5 6 7 8 9 10 
 
Notes: ____________________________________________________________________  
 
__________________________________________________________________________ 
On a scale of 1-10 (1 meaning not at all, 5 meaning neutral, 10, meaning did a lot)  
how well did you enjoy the game experience? 
 
1 2 3 4 5 6 7 8 9 10 
 
Notes: ____________________________________________________________________  
 
__________________________________________________________________________ 
What would you suggest should be done to improve the game experience in general? 
 
__________________________________________________________________________ 
 
__________________________________________________________________________ 
 
If you played with a partner, what would you suggest should be added to improve the game 
experience for the multiplayer? 
 
__________________________________________________________________________ 
 
__________________________________________________________________________ 
 
IMPORTANT: What other kinds of games would you want to see played in an immersive dome 
such as this one? 
 
__________________________________________________________________________ 
 
__________________________________________________________________________ 
 
__________________________________________________________________________ 
 
__________________________________________________________________________ 
  
Fatemi-Badi 42 
C. Playtesting Session 1 Responses 
 
Playtesting Session 1 Numerical Scores (NG = Not Given) 
Participant 1 2 3 4 5 6 7 Average 
(rounded) 
Ship 
Damage 
635 NG 1396 1180 2059 3000 1610 1647.67 
Time 
(Seconds) 
137 NG NG 176 135 200 237 177 
Intuitive 
Controls 
5 8 8 10 9 7 7 7.71 
Immersive 3 10 6 10 7 7 7 7.14 
Spatial 
Awareness 
3 3 7 5 9 2 4 4.71 
Ship 
Control 
7 7 8 8 10 9 8 8.14 
Enjoyment 3 8 6 7 7 4 8 6.14 
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Playtesting Session 1 Written Responses 
Participant 1 2 3 
Intuitive 
Controls 
A Tutorial would have 
been good.  
None Given As a person with prior 
gaming experience using 
a gamepad, I am already 
used to thumb stick 
controls 
Immersive I had no direction of 
what to do. Cool idea 
but needs polish 
None Given None Given 
Spatial 
Awareness 
No, I couldn’t tell the 
size of the ship in 
relation to the 
environment 
I’m bad at video games. None Given 
Ship 
Control 
None Given None Given I felt that there was a lot 
of fidelity for moving, 
but it was too easy to 
bounce or ricochet off a 
wall/obstacle. 
Enjoyment None Given None Given None Given 
General A tutorial A map view in the 
bottom or an aerial view 
Directions/a goal given 
to the player at the 
beginning of the game, 
consequences for the 
player if the ship takes 
too much damage. 
Future Uses Tower defense. 
Something like 
Arkonoids I suppose. 
War games; games 
involving courses and 
maps where a lot of 
screen would allow for a 
better experience. 
Possibly an Escape-the-
Room style of game 
where the dome 
essentially serves as the 
virtual room. 
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Playtesting Session 1 Written Responses Continued 
Participant 4 5 6 7 
Intuitive 
Controls 
None Given I’ve played full 
DoF [depth of field] 
games before, but 
triggers for roll was 
unclear 
I play similar games 
with inverted 
controls. While 
more player 
specific, the ability 
to change controls 
is necessary for this 
game. 
A screen that 
explained that the 
bumpers rotated the 
ship or a small 
tutorial would have 
been nice 
Immersive None Given None Given None Given None Given 
Spatial 
Awareness 
There were parts 
(very beginning, 
first time entering 
large chamber) that 
were confusing 
spatially 
None Given I felt like I was 
hitting walls sooner 
than necessary. 
Sometimes I did but 
I didn’t know how 
big my ship was so 
at times I got 
confused 
Ship Control Floatiness made 
sense but I wanted 
some kind of boost 
or other motion to 
change it up 
None Given Just needs small 
tweaks. 
Pretty well but at 
times it was a bit 
floaty but that was 
just because we’re 
in space! 
Enjoyment Took a while to 
understand what I 
was doing and 
where I was in 
space but 
afterwards it was 
fun 
None Given I couldn’t discern 
what I could or 
couldn’t shoot. 
It was cool to be 
immersed in the 
game and have the 
ability to look 
behind me. 
General Boost for quick turn General game 
polish. Clearer 
encounters. 
Felt very cramped 
for how fast I could 
go. I like to free fly 
a lot. 
A menu or a short 
tutorial on the 
controls. 
Future Uses More abstract 
experiences, rhythm 
games 
Slower paced 
exploration like 
submarine based? 
Maybe an RTS [real 
time strategy]? 
I don’t know 
enough about 
domes to answer. 
I think car racing 
games could have 
potential to be 
really, really cool. 
Also games such as 
Eve Online or even 
flight simulators. 
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D. Playtesting Session 2 Responses 
 
Playtest Session 2 Numerical Scores (NG = Not Given; N/A = Not Applicable due to playing 
one role or the other). 
Participant  8 9 10 11 12 13 14 15 16 17 18 19 
Age 53 29 44 20 18 36 46 21 23 19 20 23 
Player Role 1 1 1 Both 1 1 1 1 2 1 2 1 
Ship Damage NG 5420 NG 4600 
2987 
2000 NG 1140 1291 2987 NG NG 4000 
Time (Seconds) NG 180 NG 400 
325 
NG NG 300 608 325 NG NG 365 
Intuitive Controls 6 7 3 4 5 4 4 7 5 8 3 3 
Immersive 10 7 3 6 8 7 9 9 9 7 8 5 
Spatial 
Awareness 
8 6 1 5 6 5 2 9 10 1 2 7 
Ship Control 3 8 2 10 5 4 3 NG N/A 7 N/A 3 
P2 Contribution N/A N/A N/A 1 N/A N/A N/A N/A 9 N/A 4 N/A 
Enjoyment 8 7 NG 5 8 6 3 9 10 4 2 4 
 
Participant 20 21 22 23 24 25 26 27 28 29 Average 
Age 19 20 22 22 31 48 27 25 48 31 29.32 
Player Role 1 2 1 1 1 1 1 1 2 1 - 
Ship Damage 5537 5537 NG 3160 5000 4000 NG 6617 6617 4923 3842.12 
Time (Seconds) 703 703 300 135 300 544 NG 449 449 NG 405.73 
Intuitive Controls 3 2 8 5 8 7 7 7 6 5 5.32 
Immersive 5 5 6 7 6 9 6 6 9 4 6.83 
Spatial 
Awareness 
4 3 2 7 7 5 6 3 3 7 4.95 
Ship Control 3 N/A 10 8 8 8 5 4 N/A 7 5.29 
P2 Contribution N/A 7 N/A N/A N/A N/A N/A N/A 2 N/A 4.60 
Enjoyment 5 7 8 9 8 9 6 6 4 7 6.43 
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Playtesting Session 2 Written Responses 
Participant 8 9 10 
Intuitive 
Controls 
I’m not an experienced gamer 
and I had difficulty using the 
controller 
The reversed placement of the 
thumb sticks on the intro screen 
threw me off at first, but the 
movement controls are 
comparable to other games I’ve 
played. The paddle and trigger 
controls also didn’t feel as 
intuitive initially. 
None Given 
Immersive I loved the graphics and felt I was 
in a space ship 
Towards the edge of the front 
facing “field of view” the display 
begins to skew to the point where 
the display doesn’t feel like a 
natural extension of your 
peripheral vision. 
None Given 
Spatial 
Awareness 
Once I got the hang of it I did. It took me a second, but I 
eventually was able to become 
oriented. I think the brightness 
and contrast of the projected 
graphic environment made it 
harder to navigate.  
None Given 
Ship Control I’m not very good with the 
controller 
None Given None Given 
P2 Contribution None Given None Given None Given 
Enjoyment None Given Pretty simple, but fun to see an 
interesting use of new tech to 
provide an innovative gaming 
experience 
None Given 
General The projection seemed a little 
light so it was hard to read 
Increase the brightness/contrast 
of the environment. I found it 
very difficult to navigate because 
it was very hard to see where I 
was going. 
None Given 
Multiplayer None Given None Given None Given 
Future Uses None Given This could be great for horror 
games, but that’s not my style. 
Any game that relies on exploring 
the environment in full would be 
interesting, but the projection 
mapping probably needs 
improvement. 
None Given 
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Playtesting Session 2 Written Responses Continued 
Participant 11 12 13 
Intuitive 
Controls 
Hard to easy to understand how it 
moves but dome made it 
challenging hard to aim 
None Given Controls were confusing. 
Forward vs. up and down 
Immersive It was somewhat immersive from 
P2 perspective. 
None Given I did not fully use the capacity of 
the dome while playing the game. 
I looked forward most of the time 
Spatial 
Awareness 
Was bumping into a lot of walls None Given None Given 
Ship Control I could move around quite easily 
just that the knockback on bombs 
threw me off. 
None Given I did not feel I was able to control 
the ship well. 
P2 Contribution It was extremely hard to aim the 
frame made it difficult to see at 
times. 
None Given None Given 
Enjoyment Wish I had a better experience as 
P2 
None Given Should explain the game 
(purpose & goal) before someone 
plays. 
General Better UI/reticles. Smoother aim 
speed 
Visibility – clarity. “What is the 
goal of this game?” 
If there is a way to brighten the 
colors so there is a way to better 
discern the hallways and 
corridors that would be great. 
Multiplayer Better lit areas in tutorial, better 
aiming experience for P2 
None Given None Given 
Future Uses Open World games, example 
Zelda Breath of the Wild, GTA 5 
None Given Car Racing games. Racing 
games. 
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Playtesting Session 2 Written Responses Continued 
Participant 14 15 16 
Intuitive 
Controls 
None Given None Given I probably would have made one 
of the triggers on the controller 
for shooting 
Immersive None Given None Given Yes I thought it was very 
engaging. 
Spatial 
Awareness 
None Given None Given None Given 
Ship Control None Given The right joystick seemed a little 
sensitive 
Assuming we were in space with 
gravity, yes. 
P2 Contribution None Given None Given None Given 
Enjoyment Motion sick None Given None Given 
General Clear goals 
Brighter lighting 
Clearer graphics The trigger was a little too 
sensitive when trying to aim. 
Multiplayer None Given None Given Maybe more obstacles for player 
one to move the ship around? 
Future Uses None Given Games with vivid scenery or 
interesting plots like journey. 
Was slightly nauseated by the 
game 
If possible, maybe something 
with hand-to-hand combat. 
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Playtesting Session 2 Written Responses Continued 
Participant 17 18 19 
Intuitive 
Controls 
None Given None Given Z-axis rotation throws me off, is 
uncommon for FPS [first person 
shooter] 
Immersive None Given None Given I felt physically immersed, but 
not mechanically immersed 
Spatial 
Awareness 
The way finding was not clear 
enough. Objectives weren’t 
defined in other then words 
No point of reference None Given 
Ship Control None Given None Given Very floaty, I know I skipped the 
tutorial so maybe I didn’t know 
this but maybe there could be 
some kind of “brake” that causes 
you to stop moving and rotating 
P2 Contribution None Given None Given None Given 
Enjoyment None Given None Given More of a tech gimmick than a 
standalone game 
General Make the sensitivity less Brighten graphics/scene I don’t’ know about this game… 
were I to start over with this tech, 
I would try to do a turn-based 
game or something that avoids 
the tech hurdle 
Multiplayer None Given None Given None Given 
Future Uses Rambo None Given Card/board games that use 
position to hide information (like 
cards in hand) 
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Playtesting Session 2 Written Responses Continued 
Participant 20 21 22 
Intuitive 
Controls 
None Given Controls were backwards None Given 
Immersive None Given None Given Yes but too dark 
Spatial 
Awareness 
None Given None Given Way too dark. Couldn’t feel 
where I was or where I was 
going. Lights were not enough 
Ship Control None Given None Given None Given 
P2 Contribution None Given None Given None Given 
Enjoyment None Given None Given None Given 
General Make the controls easier to 
navigate the ship. 
Switch the controls to move the 
ship and shoot 
Brighter 
Multiplayer The shooting person should be 
able to do more 
None Given None Given 
Future Uses None Given None Given None Given 
 
  
Fatemi-Badi 51 
Playtesting Session 2 Written Responses Continued 
Participant 23 24 25 
Intuitive 
Controls 
It was a little difficult to get a 
bearing on our position due to the 
low light in the first level. 
None Given None Given 
Immersive I got a decent feel for the physics 
and how much I was bouncing 
around, and I could tell where I 
was in relation to the walls. 
None Given None Given 
Spatial 
Awareness 
The lighting helped a lot, but due 
to the low light of the first level, I 
had no clue. 
None Given Only due to my lack of gaming 
experience. 
Ship Control The ship was handled decently 
well, and was responsive. 
None Given Only due to my lack of gaming 
experience. 
P2 Contribution Beyond the name of the game, I 
had no idea what the 
circumstances were supposed to 
be. I had no sense of actual story. 
None Given None Given 
Enjoyment All things considered, I actually 
really enjoyed the gameplay 
None Given None Given 
General Better lighting, slightly easier to 
read instructions. 
Perhaps play from seated 
position; as if piloting a space 
ship? 
More clarity of projections. More 
contrast 
 
Multiplayer The aiming reticule should be 
easier to see, and the text should 
not be placed above the outline of 
the cockpit. 
None Given None Given 
Future Uses A turret simulator, perhaps one 
where you shoot down airborne 
targets. 
Virtual tours of buildings 
(architecture) 
None Given 
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Playtesting Session 2 Written Responses Continued 
Participant 26 27 28 29 
Intuitive 
Controls 
None Given None Given None Given None Given 
Immersive None Given None Given The dome feeling was 
great 
Claustrophobic. A little 
difficult to see 
Spatial 
Awareness 
None Given None Given None Given None Given 
Ship Control None Given None Given None Given None Given 
P2 Contribution None Given None Given Having a separate 
shooter didn’t make 
sense to me 
None Given 
Enjoyment None Given None Given None Given None Given 
General None Given Make the peripheral 
view more meaningful. 
Improve graphics Wider field of view. 
Maybe an auto level. 
Multiplayer None Given Is there a way for both 
players to interact at 
once? We mostly took 
turns 
More experience for 
shooter 
None Given 
Future Uses None Given Lush, visually pleasing. 
There was too much 
light to make much out. 
None Given Shooting game. A 
tennis game with Wii 
controller. 
 
